on the ability of media to carry non-verbal cues, provide rapid feedback, convey personality traits, and support the use of natural language (Daft and Lengel 1986 ) . Matching media to collaborative tasks is based on the need to reduce 'uncertainty', or the absence of information to perform a task, and 'equivocality', or the absence of a shared understanding of what information means in connection with the task being carried out. The media richness hypothesis argues that the face-to-face medium is the richest and most effective medium for reducing equivocality, which is assumed to be high in, for example, knowledge-intensive tasks that involve different areas of an organization (Kock 1998 ; Lengel and Daft 1988 ; Rice and Shook 1990 ) . Communication media created by e-communication tools are placed somewhere in between the face-to-face medium and paper-based written media, depending on their ability to carry non-verbal cues, and so on (Daft et al. 1987 ; Kock 1998 ; Lee 1994 ) . According to the media richness hypothesis, rational and effective users choose media of appropriate richness for tasks that involve communication, and if due to accessibility constraints their choice of communication media is restricted to media of lower than appropriate richness, a decrease in task outcome quality will occur. Daft et al. ( 1987 ) found that managers who were media sensitive (i.e. who selected appropriately rich media for collaborative tasks) performed better than managers who were not. Later studies provided evidence that e-communication media are more task-oriented than the face-to-face medium, and that users perceived those e-communication media to be less suitable for personal interactions necessary in business communication as compared to richer media (Rice 1993 ; Rice and Shook 1990 ) . Other studies suggested that use of e-mail and computer conferencing negatively affected group cohesiveness (Sproull and Kiesler 1986 ; Walther 1996 ) , and argued that e-communication media reduced 'social context cues', making them impersonal and likely to be avoided for business tasks or, if adopted, likely to lead to lower quality task outcomes than the face-to-face medium (for reviews, see Lee 1994 ; Markus 1994b ) .
Evidence in support of the media richness hypothesis
More recent studies continue to provide empirical support for the media richness hypothesis. Walther et al.'s ( 2001 ) study, for example, suggests that even the sharing of facial images of group members has a positive effect on group performance in 'zero-history' groups (i.e. groups whose members have no prior history of collaboration). A quote from another study, comparing faceto-face, teleconferencing, and electronic chat groups, is representative of the findings from the recent literature in connection with the media richness hypothesis:
An analysis of the recorded group discussions revealed that, although most of the groups in the electronic chat condition selected an integrative tallying procedure, an effective strategy that would likely have resulted in the successful solution of the problem, they experienced difficulties coordinating member inputs and verifying information. This slowed their progress and heightened their level of frustration and mental effort. This supports the notion that electronic chat lacks certain characteristics, present in verbal communication, that are necessary for exchanging and structuring information in synchronous groups. (Graetz et al . 1998 , p. 741) Evidence against the media richness hypothesis
In spite of the existence of supporting empirical evidence for the media richness hypothesis, research on communication media choice and use behaviour also led to results that contradicted the hypothesis. Fulk et al. ( 1990 ) and Markus ( 1990 ) 1 the media richness hypothesis as well as evidence contradicting the hypothesis. Other studies attempting to test, replicate, or extend the media richness hypothesis found little or no support for it (Dennis et al. 1999 ; Kinney and Dennis 1994 ; Kinney and Watson 1992 ) . Some found effects contrary to the notion that a lack of social presence and social context cues is necessarily 'bad' for collaborative tasks, as communication media users can compensate for the lack of richness of the media by adapting their communication behaviour (e.g. Carlson and Zmud 1999 ; Kock 1998 ; Weisband 1994 ; Weisband et al. 1995 ) . Similarly, Markus ( 1994a ) found that managers often used e-mail, a lean medium according to the media richness hypothesis, for complex communication in connection with managerial tasks. Others found evidence that users could have rewarding and perceptually rich interaction in computer-based and asynchronous newsgroups, or other on-line social communities, whose underlying communication media were relatively low in richness according to the media richness hypothesis (Rheingold 1993 ; Walther 1996 ) . In addition to the empirical evidence contradicting the media richness hypothesis, one main theoretical refutation has been proposed: the social influence refutation (Markus 1994b ) . This is based on Fulk et al.'s ( 1990 ) social influence model, which argues that social influences can strongly shape individual behaviour towards technology in ways that may be independent of technology features. Examples of social influences are patterns of technology use observed in individuals (Bandura 1986 ) that are consistent with formal and informal social norms of accepted behaviour within the group to which the individual belongs. Social influences on technology-related individual behaviour have been shown to be moderated by a number of factors, particularly an individual's personal attraction to a group (Fulk 1993 ) . Markus ( 1994a ,b) showed that social influences might shape individual behaviour towards communication media in ways that are inconsistent with the media richness hypothesis by focusing on media choices made by managers at a large risk management services provider. Specifically, Markus ( 1994a ) questioned the accuracy of the media richness scale, which places e-mail behind face-to-face interaction, suggesting that social influences can change some of e-mail's attributes that are assumed under the media richness hypothesis to be static and dependent on media attributes. The key piece of evidence was that senior managers' pressure on other employees to reply quickly to e-mail increased the medium's feedback immediacy, and therefore shifted e-mail up from its relative position on the media richness scale. A plausible conclusion that follows from Markus' argument is that social influences, such as pressure from managers on their subordinates, can make a medium that is seen as 'lean' based on the media richness hypothesis to become 'richer' than face-to-face (e.g. if managers require their subordinates to use only e-mail for communication and to avoid face-to-face communication as much as possible).
However, the social influence refutation focused on showing a fatal flaw in the media richness hypothesis, and did not aim to address one striking fact about many of the empirical studies that contradicted the media richness hypothesis. Even though those studies found evidence against the hypothesized positive link between media richness and media choice or quality of task outcomes, they also often found evidence that pointed to the perceived inadequacy of media of low richness by their users, a perception that was aligned with the media richness hypothesis (Carlson and Zmud 1999 ; Kock 1998 ; Markus 1994a ,b; Rheingold 1993 ; Walther 1996 ) . This is true in Markus' ( 1994a ) study as well, where managers and employees also perceived e-mail as a poor medium for communication, in spite of the managers' decision to promote the use of e-mail because of some of its advantageous features, such as the ability to enable distributed and asynchronous interaction. That is, those studies successfully questioned the existence of a link between low media richness and two patterns, namely media avoidance and lower quality of task outcomes than in richer media, but not the perception by users that media that veered too far away from the face-to-face medium were somehow less appropriate than the face-to-face medium to 
Human evolution and media naturalness
The relevance of understanding the process that led to the evolution of our biological communication apparatus and the effect that this has on e-communication behaviour, comes from one important principle, which is that humans have been 'engineered' by evolutionary forces to communicate primarily in a co-located and synchronous manner, as well as through facial expressions, body language, and speech. According to the modern version of Darwin's ( 1859 ) theory of evolution, the human species evolved through natural selection, a process in which random mutations are introduced in the genetic makeup of offspring, leading to traits that are selected for based on their usefulness for survival and mating (Darwin 1859 ; Dawkins 1989 ; Mayr and Provine 1998 ) . The evolutionary pace set by natural selection is usually very slow (Boaz and Almquist 1997 ; Dobzhansky 1971 ; Lorenz 1983 ). Genetic mutations that enhance an individual's chances of survival and mating, in many cases only slightly (Dobzhansky 1971 ) , slowly accumulate and spread through the members of a species, leading to the development of species-wide physical, behavioural and cognitive traits over long periods of time. These may span thousands or millions of years, and are contingent on breeding speed and mortality rates.
Evidence suggests that during much of our evolutionary past we relied on co-located and synchronous forms of communication through facial expressions, body language, and sounds (including speech, which uses a large variety of sound combinations) to exchange information and knowledge among ourselves (Boaz and Almquist 1997 ; Cartwright 2000 ) . Humans have developed a complex web of facial muscles (22 on each side of the face; more than any other animal) that allow us to generate over 6000 communicative expressions; very few of these muscles are used for other purposes, such as chewing (Bates and Cleese 2001 ; McNeill 1998 ) . There is a noticeable evolutionary direction towards the development of a biological communication apparatus that supported ever more sophisticated forms of speech, or increased communication complexity, culminating in the development of complex speech by Homo sapiens . The advent of complex speech was enabled by the development of the larynx, located relatively low in the neck, and an enlarged vocal tract -key morphological traits that differentiate modern humans from their early ancestors and that allow modern humans to generate the large variety of sounds required to speak most modern languages (Laitman 1984 ; Lieberman 1998 ) . The morphology of the human ear also suggests a specialized design to decode speech (Lieberman 1998 ; Pinker 1994 ) .
Since our biological communication apparatus has been used for co-located and synchronous communication using facial expressions, body language, and sounds over such a long period of time, it stands to reason that it should have been designed for communication interaction modes that present those characteristics. A plausible corollary would be that other communication interaction modes, including e-communication in general, would be matched to different degrees to our biological communication apparatus, depending on the degree to which they approximate face-to-face communication. It is important to note here that optimal biological design rarely occurs in nature because evolution is a slow process that takes time to catch up with environmental change. As a result, changes in the environment often make previous biological designs sub-optimal. A leading evolutionary psychologist has made this point rather eloquently in the past:
One constraint on optimal design are evolutionary time lags … evolution refers to change over time … Because evolutionary changes occur slowly, requiring thousands of generations of recurrent selection pressure, existing humans are necessarily designed for the previous environments of which they are a product. Stated differently, we carry around a stone-aged brain in a modern environment. A strong desire for fat, adaptive in a past environment of scarce food resources, now leads to clogged arteries and heart attacks. (Buss 1999 , p. 20) Buss's ( 1999 ) conclusion is a general one; of which the main hypothesis proposed in this chapter (i.e. the media naturalness hypothesis) can be seen as a corollary. Essentially, what is argued here is that modern humans' brains are not optimally adapted for current e-communication technologies because these technologies often suppress too many of the elements found in faceto-face communication. That is, our brain has likely been to a large extent 'hardwired' for co-located and synchronous communication employing facial expressions, body language, and speech; or, in other words, our brain is genetically programmed to excel in communication interactions that incorporate those elements. This provides the basis on which the concept of media naturalness can be defined -the ability of communication media to support co-located and synchronous communication employing facial expressions, body language, and speech. It follows that using modes of communication that veer away from 'natural' communication is likely to put 'extra burden' on the brain, as our brain has been designed for that type of communication. Essentially, natural communication is equated with face-to-face communication.
A simple analogy can help highlight the importance of the above conclusion. Since we evolved two hands, not only one or as many as three hands, we also evolved brain functions designed for the use of two hands (as well as other connected elements, such as arms) to accomplish a number of basic tasks, such as climbing a tree by holding onto its branches. Therefore, trying to climb a tree using only one hand is likely to be more difficult and frustrating for a human than if both hands were used. That is, the lack of 'naturalness' of the act causes a mismatch between the biological makeup of the individual and the task being accomplished. It is argued here that communicating in ways that are not 'natural' is analogous to this, in that it also leads to a mismatch and related consequences. This mismatch refers to our biological communication apparatus, which comprises the brain functions associated with communication, and the various communication instincts (Pinker 1994 (Pinker , 1997 ) that have been programmed into our brain by evolutionary forces. This conclusion provides the basis for the development of the media naturalness hypothesis.
However, before we go any further, it is important to stress that e-communication tools exist for a reason, which is that they solve key communication problems that exist today (and that did not exist in our prehistoric past). For example, communication through e-mail, with all its limitations, can take place regardless of time and physical location -that is, it can take place in an asynchronous and distributed manner -making it a convenient alternative to face-to-face communication in a variety of business situations. Moreover, e-mail, with all its limitations, generates a record, and thus can be re-processed by its recipient as many times as needed (as long as proper filing takes place); something that is not possible with face-to-face communication. Therefore, the argument put forth in this chapter should not be interpreted as a call for the use of face-toface communication only in business, but an alternative explanation as to why we often should 
The effects of media naturalness on communication attributes
The media naturalness hypothesis is an attempt to derive a general predictive statement linking a few dependent communication-related constructs with one main independent construct, namely the mismatch between our biological communication apparatus and communication media characteristics. The inverse of this mismatch is defined as the 'naturalness' of a communication medium -that is, the higher the mismatch, the lower the naturalness of a communication medium. In this section, I define media naturalness and key constructs affected by it, following that with the formal enunciation of the media naturalness hypothesis.
Media naturalness
As discussed in the previous section, there is strong evidence that human beings have been 'engineered' by evolutionary forces to communicate primarily in a co-located and synchronous manner, as well as through facial expressions, body language, and speech. Thus, it is reasonable to assume that natural communication involves at least five key elements: 1) a high degree of colocation, allowing individuals engaged in an interaction to see and hear each other; 2) a high degree of synchronicity, which would allow the individuals engaged in a communication interaction to quickly exchange communicative stimuli; 3) the ability to convey and observe facial expressions; 4) the ability to convey and observe body language; and 5) the ability to convey and listen to speech. Given this, we can define the naturalness of the communication medium created by an e-communication technology based on the degree to which the technology selectively incorporates (or suppresses) those five elements. That is, it can be stated that, other things being equal, the degree of 'virtual' incorporation of one of the media naturalness elements correlates the degree of naturalness of an e-communication medium. The term 'virtual' means that none of the five media naturalness elements will be incorporated to the e-communication medium to the same extent to which it is available in actual face-to-face communication. For example, flat representations of facial expressions, such as those provided by desktop video conferencing, are a virtual approximation of the actual three-dimensional experience of seeing live facial expressions (Bryson 1996 ; Mass and Herzberg 1999 ) .
With the main independent construct of the media naturalness hypothesis defined, we can now focus on the identification of key dependent constructs that are relevant from a business perspective. This is done here as a first step, since identifying a comprehensive set of dependent constructs that are directly affected by media naturalness will require extensive empirical research. Nevertheless, the set of dependent constructs identified below can be seen as sufficient to justify the media naturalness hypothesis as a viable alternative for the media richness hypothesis. The dependent constructs discussed here are cognitive effort , communication ambiguity , and physiological arousal .
Cognitive effort
There is a large body of evidence pointing at our ability to employ the media naturalness elements rather effortlessly in communication interactions. For example, it has been shown that human beings possess specialized brain circuits that are designed for the recognition of faces and the generation and recognition of facial expressions ( McNeill 1998 ), which artificial intelligence research suggests require complex computations that are difficult to replicate even in powerful computers (Kurzweil 1999 ; Russel and Norvig 1995 ) . The same situation is found in connection with speech generation and recognition (Kurzweil 1999 ; Lieberman 1991 Lieberman , 2000 Russel and Norvig 1995 ) . Since our brain's circuitry has been configured by evolution to excel in communication employing the five media naturalness elements discussed above, one can reasonably conclude that selectively suppressing those elements in communication media will require the development and use of specialized brain circuits to make up for the absence of those elements and enable effective communication. Those brain circuits are not hardwired into our brain but learned over time, primarily through changes in the brain's neocortex, its outer layer, where most learned circuits are concentrated. Lieberman (1991 Lieberman ( , 1998 Lieberman ( , 2000 has shown that, as far as human communication is concerned, learned circuits are unlikely to be as efficient as the hardwired circuits endowed on us by evolution; the former usually relying on more convoluted paths than the latter. As pointed out by Pinker and Bloom ( 1992 , p. 477) , the latter, genetically coded circuits are a result of the gradual evolution of '. . . neural mechanisms [that make communication] become increasingly automatic, unconscious, and undistracted by irrelevant aspects of world knowledge'.
Moreover, most learned brain circuits used in communication have to be 'refreshed' (or partially re-learned) from time to time, otherwise they are 'erased' (Pinker 1997 ; Schacter 2001 ) . Those learned circuits usually differ from individual to individual, which can lead to inefficiencies associated with differences in sender/receiver communication brain circuitry (Kotulak 1997 ) . Thus, it is plausible to conclude that since the use of more convoluted paths requires increased neural activity, decreases in media naturalness will generally lead to increased mental effort, or what we refer here to as cognitive effort , in connection with communication interactions.
Cognitive effort is defined here as the amount of 'mental activity', or, from a biological perspective, the 'amount of brain activity' involved in a communication interaction. It can be assessed directly, with the use of techniques such as magnetic resonance imaging. Cognitive effort can also be assessed indirectly, based on perceptions of levels of difficulty associated with communicative tasks (Schacter 2001 ; Todd and Benbasat 1999 ) , as well as through indirect measures such as that of 'fluency', proposed by Kock ( 1998 ) . The 'fluency' measure builds on the assumption, previously made in many empirical studies (see, e.g. Leganchuk et al. 1998 ) , that the amount of cognitive effort associated with an intellective task correlates with the amount of time required to complete the task. As such, 'fluency' is defined as the amount of time taken to convey a certain number of words through different communication media, which is assumed to correlate (and serve as a surrogate measure of) the amount of time taken to convey a certain number of ideas through different media (Kock 1998 ) .
Empirical studies conducted by Kock (1998 Kock ( , 1999 of process improvement groups interacting through different communication media are particularly well aligned with the notion that a decrease in media naturalness will generally lead to an increase in cognitive effort. Those studies showed that 'fluency' is, on average, 18 times higher face-to-face than over e-mail in complex group tasks. Even in the case of proficient typists, who can usually type half as fast as they can speak or faster, Kock's ( 2001a , b, c) research suggests fluency in complex collaborative tasks conducted face-to-face to be about 10 times higher than over e-mail, regardless of other factors such as cultural background and familiarity with collaborators. According to this estimate, if exchanging 600 words face-to-face required about 6 minutes, exchanging the same number of words over e-mail would take approximately 1 hour -these figures are comparable to those found in Kock's ( 2001a , b, c) Individuals brought up in different cultural environments usually possess different information processing schemas that they have learned over their lifetimes. Different schemas make individuals interpret information in different ways, particularly when information is expected but not actually provided. Bartlett ( 1932 ) has unequivocally demonstrated this phenomenon, perhaps for the first time, in his famous experiments involving the American Indian folk tale 'The War of The Ghosts'. Essentially, the experiments showed that subjects who held different information processing schemas would interpret the tale, which is filled with strange gaps and bizarre causal sequences, in substantially different ways. In Bartlett's ( 1932 ) experiments, individuals were expecting certain pieces of information to be provided to them. When they did not get the information that they were expecting, they 'filled in the gaps' based on their existing information processing schemas and the information that they were given (see also Gardner 1985 ) . This led to significant differences in the way individuals interpreted the tale.
The human brain has a series of hardwired information processing schemas that are designed to solve problems that have occurred recurrently during the millions of years that led to the evolution of the human species Tooby and Cosmides 1992 ) . Several of these problems addressed by evolutionary adaptations are related to the communication process (Pinker and Bloom 1992 ) . Our hardwired schemas involved in the communication process make us search for stimuli that will enable us to obtain enough information to effectively interpret the message being communicated, and several of the stimuli we automatically search for are those present in actual face-to-face communication (Lieberman 2000 ) , such as contextual cues (available in co-located communication), immediate feedback (available in synchronous communication) in the form of facial expressions and body language, and voice intonations. When several of these stimuli are not present, by being selectively suppressed by e-communication technologies, individuals 'fill in the gaps' much like the subjects in Bartlett's ( 1932 ) experiments.
The problem is that in the absence of information-giving stimuli, 'filling in the gaps' is likely to lead to a higher proportion of misinterpretations, and thus ambiguity, than if the stimuli were not suppressed -as Bartlett's ( 1932 ) and other studies (see, e.g. Gardner 1985 ; and Pinker 1997 ) show. While different individuals are likely to look for the same types of communicative stimuli, their interpretation of the message being communicated in the absence of those stimuli will be largely based on their learned schemas, which are likely to differ from those held by other individuals (no two individuals, not even identical twins raised together, live through the exact same experiences during their lives). That is, a decrease in medium naturalness, caused by the selective suppression of media naturalness elements in a communication medium, is likely to lead to an increase in the probability of misinterpretations of communicative cues, and thus an increase in communication ambiguity .
The above conclusion is consistent with the empirical observation that certain feedback comments, especially those involving constructive criticism, which are often used effectively in faceto-face interaction together with other non-verbal cues that 'soften' their tone, are interpreted in different (and often negative) ways when provided via e-mail in business-related discussionssometimes as very critical and blunt, sometimes as implying indifference (Kock 1999 ) . Indeed, e-communication in general is perceived as more 'ambiguous' than face-to-face communication (Carlson and Zmud 1999 ; Graetz et al. 1998 ; Kock 1998 Kock , 2001b Rheingold 1993 ; Walther 1996 ) .
While there are studies that show that individuals can voluntarily or involuntarily compensate for this increase in communication ambiguity by means of constructing better thought-out (Kock 1998 (Kock , 2001b , and by becoming familiar with the medium and their partners (Carlson and Zmud 1999 ; Walther 1996 ) , to the best of my knowledge there have been no studies suggesting that the suppression of media naturalness elements causes a reduction in communication ambiguity (i.e. the opposite effect to what we hypothesize here). That is, even though there is evidence suggesting that the effects of greater communication ambiguity can be moderated by compensatory adaptation behaviour, the evidence suggesting that lower communication media naturalness leads to greater communication ambiguity is beyond much doubt.
Physiological arousal
There is little doubt that a fully developed biological communication apparatus has been particularly important in terms of survival and mating for our prehistoric ancestors, as it is for us today (Boaz and Almquist 1997 ; Dunbar 1993 ; Miller 2000 ) . While there is substantial evidence suggesting that our biological communication apparatus is designed for face-to-face communication, there is also ample evidence that such apparatus (including the neural functional language system) cannot be fully developed without a significant amount of practice (Pinker 1994 ) . Evolution is likely to have led to the development of mechanisms to compel human beings to practice the use of their biological communication apparatus; mechanisms that are similar to those compelling animals to practice those skills that play a key role in connection with survival and mating (Wilson 2000 ) . Among these mechanisms, one of the most important is that of physiological arousal , which is often associated with 'excitement' and 'pleasure' (Boaz and Almquist 1997 ; Miller 2000 ) .
It is a plausible conclusion that engaging in communication interactions, particularly in faceto-face situations, is likely to trigger physiological arousal in human beings. This conclusion underlies the theoretical hypothesis that modern humans possess what Pinker ( 1994 ) refers to as a 'language instinct', and can be taken further through the associated conclusion that each faceto-face communication element (e.g. the use of facial expressions to convey thoughts and feelings) contributes to physiological arousal. Indeed, there is evidence that face-to-face communication elements such as certain types of facial expressions, oral utterances, and body language expressions, even when used in isolation, evoke physiological arousal in human beings (Bates and Cleese 2001 ; McNeill 1998 ; Zimmer 2001 ) .
It would thus be reasonable to also conclude that communication interactions in which certain elements of 'natural' face-to-face communication are suppressed (e.g. the ability to employ/see facial expressions) involve a corresponding suppression of physiological arousal, and, in turn, a consequent decrease in the perceived 'excitement' in connection with the communication interaction. In other words, suppression of media naturalness elements is likely to make communication interactions 'duller' than if those elements were present.
Obviously, as with other conclusions set out in this chapter, the above conclusion assumes 'other things being equal'. For instance, the topic of a communication interaction and the identity of the other person are factors that may influence physiological arousal more strongly than the communication medium itself, which is a point that is not disputed here and is perfectly compatible with the hypothesis. Having said that, it is interesting to point out that the above conclusion is consistent with, and provides a plausible explanation for the ample evidence suggesting that e-communication systems users consistently perceive computer-mediated communication in general as less 'exciting', 'duller', or less 'emotionally fulfilling' than face-to-face communication (Ellis et al. 1991 ; Kiesler et al. 1988 ; Kock 1999 ; Markus 1994b ; Reinig et al. 1995 ; Sproull and Kiesler 1986 ; Walther 1996 ) .
Decreases in physiological arousal may influence media choices towards media of high naturalness, but, when choice is limited to low naturalness media, they may arguably influence task outcome quality positively under the appropriate circumstances. A decrease in physiological arousal may induce the members of a group to engage in more focused communication, particularly when an e-communication medium is used to support taskoriented interaction, as opposed to relationship-oriented interaction (see Walther 1996 ) . That is, the lack of excitement resulting from the use of an e-communication medium to support a particular group task may be associated with a higher degree of communication focus on the task at hand, rather than gossip or tangential topics, somehow counteracting the negative effects on task outcome quality associated with increase cognitive effort and communication ambiguity. Kock's ( 1999 ) study of process improvement groups provides evidence that supports in part this conjecture.
The media naturalness hypothesis
Now that the three main dependent constructs of cognitive effort, communication ambiguity and physiological arousal have been identified and defined, we can formally enunciate the media naturalness hypothesis, as follows:
Other things being equal, a decrease in the degree of naturalness of a communication medium leads to the following effects in connection with a communication interaction: (a) an increase in cognitive effort, (b) an increase in communication ambiguity, and (c) a decrease in physiological arousal.
The hypothesis assumes that the face-to-face medium is the most natural of all. As discussed before, the media naturalness construct is made up of five main elements: co-location, synchronicity, and the ability to convey facial expressions, body language, and speech. Thus, two assumptions can be made which are useful for managers who need to decide which features to have on their e-communication systems in the face of limited resources. The first assumption is that, other things being equal, an e-communication medium that incorporates one of the media naturalness elements -i.e. co-location, synchronicity, and the ability to convey facial expressions, body language, and speech -will have a higher degree of naturalness than another e-communication medium that does not incorporate that element. The second assumption is that, other things being equal, an e-communication medium that incorporates one of the five media naturalness elements to a larger degree than another will have the highest degree of naturalness.
The media naturalness hypothesis can be used as a basis for management decisions regarding which new features to add to an e-communication tool depending on resource constraints. For example, let us imagine a Web-based application that allows two individuals to communicate through text-based chat in a business-to-consumer type of interaction, such as that involving a customer service representative of an online broker and one of its customers who needs to learn how to purchase a particular investment instrument. According to the media naturalness hypothesis, if a nearly identical application is developed, where the only difference is the ability to convey facial expressions though streamed video (in addition to the text-based chat feature), this latter application will create a communication medium with a higher degree of naturalness than that of the text-based, chat only application. A likely consequence will be higher perceived quality of the online interaction, due to, for example, the lower cognitive effort required.
The media naturalness hypothesis also provides the basis for management decisions regarding 'partial' incorporation of a naturalness element to an e-communication medium depending on resource constraints. Each of the five naturalness elements can be incorporated into an e-communication medium to varying degrees; full incorporation means that the element is identical to what would be available in the face-to-face medium. 
Contrasting the hypotheses
If the media naturalness hypothesis is to be considered a viable and useful alternative to the media richness hypothesis, key differences between the hypotheses must be explicitly identified. While the media naturalness hypothesis may seem similar to the media richness hypothesis, at least two key differences exist between the two. The first refers to the main dependent constructs of the hypotheses. The media richness hypothesis has two main dependent constructs, which are hypothesized to vary depending on the degree of richness of the communication medium being used. These constructs are: 1) media choice, which is hypothesized to match the richness requirements of a task in the case of 'effective' workers; and 2) task outcome quality, which is hypothesized to be negatively affected if choice is limited to media that possess a level of richness that is lower than the optimal for the task (Daft et al. 1987 ; Lee 1994 ; Lengel and Daft 1988 ; Markus 1994b ) .
The media naturalness hypothesis, on the other hand, does not relate low media naturalness with certain types of behaviour or task outcomes, like the media richness hypothesis does, but with high cognitive effort and communication ambiguity, and with low physiological arousal. This in turn may or may not lead to certain types of behaviour or task outcomes.
For example, as mentioned before, empirical studies conducted by Kock (1998 Kock ( , 1999 of process improvement groups interacting through different communication media showed that 'fluency' (the number of words conveyed per unit time) is about 10 times higher face-to-face than over e-mail in complex group tasks, even when the effect that 'typing is slower than speaking' is controlled for. Yet, the studies found that most groups voluntarily chose e-mail to perform their tasks (even though interviews suggested that they consistently perceived e-mail as an 'ambiguous' and 'poor' communication medium), and that the task outcome quality was slightly better for the e-mail groups when compared with the face-to-face groups. Interviews also suggested that e-mail was chosen primarily because of what most perceived as advantages, such as the ability to support distributed and asynchronous communication.
The explanation given for these seemingly paradoxical results was that individuals 'compensated' for the lack of naturalness of the communication medium used by preparing better thought out, more focused, and better structured contributions than in face-to-face meetings (Kock 1998 (Kock , 1999 . The studies provide evidence that while cognitive effort was increased, which is consistent with the media naturalness hypothesis, media choice and task outcome quality were different from predicted by the media richness hypothesis. The media naturalness hypothesis provides a basis on which media choices and task outcomes can be more deeply understood as the result of the interplay of biological, social, and environmental influences.
The other key difference between the two ideas is that the media richness hypothesis assumes that different communication media can be classified according to a continuum of media richness, particularly based on the information-carrying capacity of the media. This opens the door for the conclusion that communication media that incorporate more of those features that increase their richness (e.g. feedback immediacy or synchronicity) will be even 'better' than faceto-face interaction in some circumstances -for instance, they may allow individuals to deal with tasks of extremely high equivocality by supporting parallel communication interactions with several individuals at the same time.
The media naturalness hypothesis, however, argues that the face-to-face medium is, other things being equal (including the communication topic and task), the one likely to lead to the least cognitive effort and communication ambiguity, and the most physiological arousal during communication. The reason is that the face-to-face medium is precisely the medium used for communication during the vast majority of our evolutionary history. This implies that e-communication tools with features that allow group members to synchronously generate and access substantially more information than in face-to-face interactions, will also lead to problems, likely due to information overload and other negative effects. That is, the media naturalness hypothesis allows us to place the face-to-face medium at the centre of a one-dimensional scale of naturalness where the distance from the centre (either to the 'left' or 'right') could be seen as a measure of decreased naturalness. Anything 'less' or 'more', so to speak, than face-to-face communication would be likely to lead to problems in communication interactions. This conclusion is consistent with previous studies of group decision support systems Reinig et al. 1995 ) . Those systems are typically used to enhance faceto-face communication by allowing individuals in the same room to interact synchronously through computers without having to share 'airtime' with each other, i.e. all individuals can contribute ideas at the same time, which a human facilitator manages for the group with the help of the system. Even if used by pairs of individuals, these systems are generally believed to allow for the exchange of significantly more information than 'pure' face-to-face meetings (Johansen 1988 ) .
Consistent with this conclusion, Reinig et al. ( 1995 ) found that the use of group decision support systems make meetings less 'exciting' for the participants. Furthermore, a consistent finding from studies of the impact of group decision support systems on meetings has been that they increase the number of ideas generated, but do not improve the quality of the outcomes produced through the meetings , which led Dennis ( 1996 ) to conclude that the use of the systems leads to information overload. That is, on the surface, individuals seem to exchange more information, but the information is never used to achieve better task outcomes because the rate of information exchange is higher than the information processing capacity of the individuals.
Implications for researchers
The media naturalness hypothesis cannot fully explain e-communication behaviour. Arguing otherwise would be akin to proposing a modern-day version of biological determinism. Other factors in connection with the use of e-communication media need to be considered, such as social influences (Fulk et al. 1990 ; Markus 1994a , b) . For example, the media naturalness hypothesis could not have been used to fully explain the behaviour of the employees in Markus's ( 1994a ) study, who used e-mail, in spite of perceiving it as a poor communication medium, because of pressure from senior managers. That is, it was primarily a social influence (Fulk et al. 1990 ) that led them to behave in the way they did in connection with media choice. Moreover, they used e-mail in a relatively effective way for complex communication, in spite of their negative perceptions about the medium, which suggests another phenomenon that is not predicted by the media naturalness hypothesis, namely the phenomenon of compensatory adaptation (Kock 1998 (Kock , 2001b .
Nevertheless, a key contribution of the media naturalness hypothesis, and one of its most important implications for researchers, is that it provides a missing link that may pave the way for the integration of different e-communication theories. Previous theoretical reviews have categorized e-communication theories in similar ways. Webster and Trevino ( 1995 ) grouped them into two categories: theories proposing rational explanations of media choice, and theories proposing social explanations. Carlson and Davis ( 1998 ) classified theories into two similar categories: trait theories and social interaction theories.
These categorizations suggest key differences between 'socially-deprived' theories, of which Daft and Lengel's ( 1986 ) media richness theory is often seen as the paragon, and theories placing emphasis on social elements as determinants of behaviour towards e-communication media. This 'theoretical polarization' was later highlighted in another theoretical review, suggesting that these two main types of theories have '. . . often been pitted against each other rather than considered as complementary in more comprehensive studies' (Trevino et al. 2000 , p. 163) .
In spite of attempts to combine both types of theories (Trevino et al. 2000 ; Webster and Trevino 1995 ) , other studies provide evidence that the media richness hypothesis cannot be effectively combined with hypotheses espoused by social theories without radical revisions (Lee 1994 ; Ngwenyama and Lee 1997 ) . The development of the media naturalness hypothesis is a first step in the pursuit of a solution to this problem. Evidence of this is that the media naturalness hypothesis, as discussed earlier, is not only compatible with Fulk et al.'s ( 1990 ) social influence model, but also adds to our understanding of e-communication behaviour phenomena that are not completely explained by that model. The above must be followed by a caveat regarding the limitations of the theoretical perspective taken here. The argument presented in this chapter focuses on a human-to-human communication perspective, which is arguably a narrow perspective of human communication and cognition. Different and possibly broader perspectives exist, such as the systemic perspective proposed by Hutchins ( 1996 ) , who deems a culturally diverse group of individuals as a key unit of cognition, and the 'metaindexicality' perspective proposed by Henderson ( 1998 ) , who sees visual representations as cognitive artefacts that allow for rich communication at multiple cognitive levels. One could also take a human-to-object perspective, by looking at interactions between humans and inanimate objects as legitimate instances of communication. The relatively narrow humanto-human communication perspective is adopted here because it is arguably the perspective adopted by the media richness hypothesis, for which this chapter attempts to propose a viable alternative.
Implications for managers
The media naturalness hypothesis leads to predictions that are particularly relevant for communicative tasks brought about by the advent of e-business. The hypothesis leads to the prediction that cognitive effort and communication ambiguity should increase, and physiological arousal decrease, with decreases in e-communication media naturalness. And, in business-to-consumer interactions conducted online, increased cognitive effort and communication ambiguity, and (possibly) decreased physiological arousal (especially in entertainment-related interactions), may lead to lower perceived quality and dissatisfaction from the part of customers.
Since the Internet makes it much easier for customers to change suppliers, who are literally 'a few clicks away', the use of e-communication media of lower naturalness than those provided by the competition can have negative consequences for companies that rely heavily on online interactions with their customers to increase or maintain their revenues. This conclusion is aligned with, and partially explains, the constant calls in the popular business literature for the use of more natural forms of online communications between business and consumers (Metz 2000 ; Wasserman 2001 ) 1 . That is, even though a decrease in communication medium naturalness may not have a negative effect on task outcome quality (Kock 1998 (Kock , 2001b , it will lead to other problems in certain situations -e.g. online business-to-consumer interactions.
The media naturalness hypothesis provides the basis on which managers with limited resources can decide how to maximize the naturalness of their companies' online communications with their customers. One area in which these decisions have to be made in many businesses, The widespread availability of generic video players and instant-messaging technologies allow for the selective incorporation of synchronicity and the ability to convey speech and facial expressions to these Internet-based interactions, which according to the media naturalness hypothesis is likely to lead to a decrease in the amount of cognitive effort and communication ambiguity. This is likely to contribute to an increase in perceived customer service quality, and potentially in market share (Macdonald 1995 ; Walkins 1992 ) , particularly in sectors such as financial services, which relies heavily on e-communication tools to provide customer support through the Internet.
The media naturalness hypothesis also provides the basis on which managers and venture capitalists can predict the likely evolution of e-communication technologies and thus better target their investments in those types of technologies. This chapter argues that this evolution will likely be towards e-communication tools that achieve the maximum naturalness at the lowest cost possible. Although this may not be obvious at first glance, e-mail fits this prediction reasonably well, because e-mail is more natural (e.g. it provides a higher degree of synchronicity) and arguably less costly today than paper-based mail, which is what it was originally meant to replace (Keen 1994 ; Sproull and Kiesler 1991 ) .
This conclusion also explains the relative commercial success of sophisticated text-based chat tools that add synchronicity to online business-to-consumer interactions, making it easier and more exciting for customers to obtain information about products and services (Eichler and Halperin 2000 ; Gilbert 1999 ). Finally, it explains the relative commercial success of virtual news anchors such as 'Ananova' (Cracknell 2000 ; Orubeondo 2000 ) , whose cost is a fraction of their human counterparts', since many Internet users seem to prefer to listen to news online while looking at a virtual newscaster, rather than the arguably more cognitively demanding and less exciting option of reading them on a Web page. 
